A DTC (Diethyl ammonium diethyl dithiocarbamate) entrapped sol gel silica (DTCSG) was prepared and investigated for the removal of Cr (III) from non-competitive aqueous solutions. The physico-chemical parameters such as adsorption isotherm, equilibration time, pH and temperature effect on the removal were studied. The equilibration was achieved in 60 minutes. Adsorption of chromium ions on the control (undoped) sol gel silica was found very low. The removal was maximum when pH of the aqueous phase was 6 and the adsorption capacity of DTCSG for adsorption of Cr(III) ions from non-competitive solutions was 0.5mgl gm" 1 (O.Olmmol gm"') at room temperature 28°C ± 2. This increased with increase in temperature and attained a maximum value at 60°C, where removal capacity increased to 60 micromol g"' DTCSG. From these results it is clear that the extraction of chromium(III) is possible with DTCSG.
INTRODUCTION
Owing to their wide use, the efficient removal of toxic metal ions from waste water is an important and widely studied research area where a number of technologies have been developed over the years. Most of these methods include filtration, chemical precipitation, ion exchange, adsorption, electrodeposition and membrane systems. All these approaches have their inherent advantages and limitations. High cost, ineffectiveness at low level metal concentration and slow uptake of toxicant are some limitations of these methods. There is a growing demand for economical, fast, easy methods for removal of toxic elements from waters, industrial and radioactive effluents To meet this demand, functionalized sol gel sorbents have gained popularity recently. Although the sol-gel process has been known for 150 years, it is only in the last three decades that it has been exploited for the formation of organic-inorganic hybrids. In general, sol-gel * To whom correspondence should be addressed: Fax: 92-51-9290275, aslamkhan@pinstech.org.pk
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For Chromium (III) processing involves the production of a suspension of a solid in a liquid, followed by removal of the liquid, and finally densification of the solid. It has the advantages of low processing temperatures, mixing at the molecular level to produce hybrid novel materials. Some other interesting advantages of the low temperature synthesis by the sol-gel method are: (a) it allows the incorporation of soft and temperature-sensitive dopants, such as organic molecules, without damage to their molecular structure; (b) the ability of the products to combine the merits of the inorganic glasses with intrinsic properties of the organic molecules /I/; (c) the active molecule is protected from environmental attack and / or photofragmentation and the shelf life of the material is increased 111. Organically functionalized sol gel materials are prepared by covalent bonding and chemical entrapping 131. The reagent entrapping is an economical, simple and a single step route.
The interesting advantages of sol-gel materials attracted research and opened the possibility to explore these materials for extraction of metal ion from aqueous media /4-9/. This article demonstrates the use of DTC functionalized sol gel silica (DTCSG) sorbent developed in our laboratories for the removal of chromium from non-competitive aqueous solution. 
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metal ions was investigated over the pH range 1-10 in detail and the following equation was used to determine the extracted metal.
After post-adsorption equilibrium, determination of metal ion concentrations in the supernatant was achieved, the amount of adsorbed metal ions (Q) was calculated through the use of the following equation:
Here, Q is the metal ion adsorption (mg g" 1 sol-gel); C, and Cf are the initial and final metal ion concentration (mg/L) respectively; ma is the quantity of adsorbent (g); and V is the suspension volume. Figure 1 shows the pH profile data for metal ion adsorption. This figure shows that adsorption of metal ions is sensitive to pH changes. In the case of control sol-gel, removal is not quantitative, while in the case of DTCSG, the removal of metal increases with increase in pH and attains its maximum value at pH 6. The observed phenomenon of high adsorption at pH 6.0 may be due to more availability of deprotonated (-N-, -S-) groups responsible for the co-ordination of the hard metal chromium ions and similarly the decrease in adsorption at pH < 2 may be due to strong protonation of donor sites of the ligand. 
Kinetics of Cr(III) Extraction by DTCSG
Stirring increases the chances of contact of metal ions with the sorbent therefore adsorption is influenced by the duration and mode of stirring. Figure 2 shows equilibrium adsorption times of the metal ions on the DTCSG from aqueous solutions at optimized pH. Initially, removal was fast and reduced with lapse of time.
About 90 % of the total removal took place within the first 30 minutes; after that, the additional removal was slow. The fast equilibration reflects the rapid complex formation between the metal ions and DTC molecules near the surface of gel network. In the initial stage, the process of removal is fast due to availability of free binding sites near the surface where the approach of metal ions is easy and faces less hindrance. As time passes, the number of easily approachable sites near the surface decreases and metal ions have to diffuse into the pores in sol-gel through the interconnected three-dimensional network of pores and channels before they can react with the entrapped reagent molecules and are retained inside the pores. A wide range of adsorption rates has been observed by various sorbents while comparing the data on the adsorption kinctics of metal ions. Many chemical, experimental and structural parameters determine the adsorption rate, such as stirring rate, temperature, structural properties of sorbent (e.g., porosity, surface area, topography, and swelling degree), geometry of the chelating compound, amount of sorbent, ion properties (e.g., hydrated ionic radius, coordination complex number), initial concentration of metal ions, complexformation rales between the ligand and the metal ions, metal ion -ligand affinity, and existence of other competitive metal ions for the same active complexation sites. Therefore, comparison of the adsorption rates reported is too difficult; however, the removal achieved with DTCSG seems to be reasonable. However, the comparison of control and DTCSG sorbent has been tabulated in Table- 1.
Isotherm for Cr(III) Extraction
Adsorption capacities of the metal ions investigated on DTCSG are given in Figure 3 as a function of equilibrium concentration of metal ions in aqueous phase. Metal ion adsorption capacity increased first with increasing initial concentration of the ions and then it reached a saturation level. The maximum adsorption capacities of the DTCSG were 520 μβ/g (10 μπιο^" 1 ) at 28 ± 2 °C and that of control gel is negligible. This high difference in capacity levels between doped and control gel clearly depicts that the removal of Cr (III)
by the sol-gel is mainly attributed by the entrapped DTC. In other words, ion exchange with silinol groups
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(-SiOH) and / or adsorption of Cr (III) by -SiO-on the surface of silica play a very minor role in the removal of Cr (III). 
Influence of the Amount of Sorbate
The effect of Cr (III) concentration on its sorption was examined over 20-fold concentration from 3.076x10 2 to 3.076 mmolL" 1 , using 50mg of DTCSG with 60 minutes shaking from pH 6 solutions, and the results are presented graphically in 
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where Q and Cf are the concentration of aqueous phases before and after equilibration respectively, W is the weight of dry sol-gel silica (g) and V is the volume of the aqueous phase (ml).
The distribution ratio showed a sharp decrease up to 0.02 mmolL" 1 and then became almost asymptotic in nature.
Cr(lll) mmolL' 
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where C e is the equilibrium concentration (mmol), q e is the amount of chromium adsorbed at equilibrium (mmolg-1), Ν maximum sorption capacity (mmolg"') and b a Langmuir constant. Linear plot ( Application of synthesized sorbent for removal of chromium from waters.
DTCSG was applied for removal of various amounts of chromium added to water samples collected from various sources and the results are tabulated in Table 2 . More then 96% removal of chromium suggests that the use of DTCSG can be used for removal / preconcentration chromium from waters.
Table 2
Comparison 
CONCLUSIONS
The advantages of the newly synthesized modified sol gel silica (DTCSG), based on the data presented in this study, are summarized in the following points. Simple, economic preparation and reasonable rate of attainment of equilibrium with high enhancement factor. Moreover, the material exhibits hybrid properties of inorganic silica and complexing reagent DTC. These features determine the value of DTC doped sol-gel for concentrating and would be useful material for removing of chromium in drinking waters and wastewaters.
